We investigated the expression patterns of (1) intermediate filament proteins in the developing CNS according to the immunohistochemical and immunoblotting techniques and (2) glycosyl residues exposed on the cell membranes in the fetal brain using histochemical techniques. In the early neural tube which was composed of matrix cells (stage I), vimentin was found predominantly in the basal processes of these cells. After the beginning of neuron production (stage II), vimentin was present in "radiall fibers", guideropes for migrating neuroblasts, which could be regarded as elongated basal processes of matrix cells. In this stage of neurogenesis, neurofilament protein was detected in the processes running parallel to radial fibers.
These processes seemed to be those of migrating neuroblasts. Glial fibrillary acidic protein was detected for the first time after the cessation of neuron production (stage III). These results indicate the absence of filial cells in the early stages of neurogenesis (stages I and II). The lectin-histochemistry of the fetal brain implied the presence of abundant terminal sialyl and N-acetylglucosaminyl residues on the plasma membranes of various cells and fibers.
On the other hand, it was suggested that terminal galactosyl residues on radial fibers are much fewer in the corticogenetic region than in the non-corticogenetic place. This difference in the amount of terminal galactosyl residues could be related to the mechanism of corticogenesis.
A possible role of galactosyltransferase in this mechanism was suspected.
By autoradiographic analyses (3) , it was demonstrated that the cytogenesis of the central nervous system (CNS) occurs sequentially and that it can be divided into three successive stages : stage I (stage of proliferation of matrix cells), stage II (stage of production of neurons) and stage III (stage of production of filial cells). It is reasonable to consider that, in this dynamic neurogenesis, various cells differentiated from matrix cells would produce characteristic molecules of their own. Matrix cells themselves may express different biochemical phenotypes depending on time and place.
In this paper, we report, [1] the sequential appearance of three kinds of intermediate filament proteins, vimentin, neurofilament protein (NF) and glial fibrillary acidic protein (GFAP) in the developing CNS and, [2] some expression patterns of glycosyl residues in the fetal brain. These glycosyl residues on the cell membrane seem important in the cell-cell interactions in the neurogenesis.
We paid particular attention to elucidating some biochemical characters of "radial fibers" in this study . Here, we use the term "radial fibers" for the fibrous structures that extend from the ventricular surface to the pial surface and are Miyake et al. considered to serve as guide-ropes for migrating neuroblasts. The radial fibers in stage II are proved to be composed of fascicles of the basal processes of matrix cells in the corticogenetic place (5, 8) .
MATERIALS AND METHODS

Detection of Intermediate Filaments
Three kinds of antisera (anti-vimentin, anti-NF and anti-GFAP antisera) were used. These antisera were obtained from rabbits immunized with purified intermediate filament proteins. Extraction and purification of the proteins were performed according to the methods of Geisler and Weber for vimentin (6) and NF (7), and of Huston and Bignami for GFAP (10) .
Embryonic CNS tissues of chick and human were fixed in Carnoy's fluid and 4 % paraformaldehyde, respectively, and then embedded in paraffin. The sections were stained according to the ABC (avidin-biotin-peroxidase complex)-method (9) .
Fresh optic tecta of chick embryos were analyzed by electrophoretic blotting technique ('"Western blotting") for GFAP.
Detection of Glycosyl Residues
Six kinds of lectins labeled with FITC (fluorescein isothiocyanate) or rhodamine were used : ConA (Concanavalin A), WGA (wheat germ agglutinin), G52 (Griffonia simplicifolia agglutinin 2), PNA (peanut agglutinin), RCA1 (Ricinus communis agglutinin 1) and MPA (Maclura pomifera agglutinin) (EY-Lab., U.S.A.).
Fresh brains of mouse fetuses on the 15th day were fixed in Bouin's or Carnoy's fluids and embedded in paraffin. The sections were stained according to the standard lectin-histochemical technique (11) . Briefly, the sections were first treated with 1 % bovine serum albumin and next incubated with the lectins listed above. Controls were incubated in the presence of appropriate hapten sugars or without the lectins. Some sections were treated with neuraminidase (Sigma, type V) prior to the lectin-staining.
RESULTS
Detection of Intermediate Filaments
The chick neural tube was stained positively by anti-vimentin antiserum. The most intense staining reaction was found in the basal processes of matrix cells attached to the pial surface.
In the chick optic tectum on the 5th day of incubation, radial fibers were visualized positively by anti-vimentin antiserum (Fig. 1) . Anti-NF antiserum stained, in the mantle layer, some large cells and some cellular processes running parallel to radial fibers. The bundles of axons were also stained by anti-NF antiserum in the marginal layer (Fig. 2) .
GFAP-positive elements in the chick optic tectum were first found on the 14th day of incubation. On this day, anti-GFAP antiserum stained thin and short cellular processes in the molecular layer which were roughly perpendicular to the pial surface, but the staining reaction was weak. These processes could be seen more clearly on the day of hatching (Fig. 3) .
"Western blotting" technique detected GFAP in the chick optic tectum for the first time on the 14th day of incubation. Thereafter, the amount of GFAP increased gradually. In the pallium of the human fetal brains we examined so far, some GFAPpositive cells were first found on the 16th week, but only in the hippocampal area where the subependymal layer already thinned out into a few-cell-layer.
Detection of Glycosyl Residues
ConA stained various cells in the fetal mouse brain intensely. There were many granular figures dispersed in the soma. These granules were accumulated in a focal area, especially in neurons. The cell membranes were also stained moderately by ConA. Radial fibers were not outstandingly seen (Fig. 4) .
WGA stained all cells and fibers. In contrast to ConA, however, its strong fluorescence was found on the cell membrane linearly. In addition, some granular structures were stained in the cell soma. Radial fibers were distinct in the pallium, the ganglionic eminence and the thalamus. No difference depending on place was detected in the fluorescence intensity of radial fibers stained by WGA. Neuraminidase pretreatment weakened, but could not abolish the fluorescence of radial fibers. Bright fluorescence was seen as irregular zones on both sides of the cortical plate (Fig. 5) .
GS2 stained various cells and fibers weakly and uniformly. Radial fibers were FIGS. 1-3. Optic tectum of chick embryos on 5th day of incubation (Figs. 1, 2 ) and on the day of hatching (Fig. 3) . Figure 1 shows vimentin-positive radial fibers in the marginal layer. The staining reaction was not very intense. Figure 2 shows some NF-positive processes in the mantle layer. Axons in the marginal layer were also stained intensely. Figure 3 shows GFAP-positive processes beneath the pial surface. Cell nuclei were stained by hematoxylin. P: pial surface seen in the pallium, the ganglionic eminence and the thalamus (Fig. 6) . PNA, RCA1 and MPA showed almost the same staining patterns. Some granular figures of moderate fluorescence were seen dispersed in the cell soma, especially by PNA-staining. On both sides of the cortical plate, there were zones of bright fluorescence, but the zone corresponding to the molecular layer was darker than the remaining area. Radial fibers were visualized clearly in the ganglionic eminence and the thalamus, but only faintly in the pallium, by these three lectins (Fig. 7) . Neuraminidase pretreatment intensified the fluorescence of radial fibers everywhere markedly.
Besides the findings described above, ConA, WGA, PNA, RCAI and MPA stained, more or less intensely, vessels and ventricular and pial surfaces. Fine meshes of neuropil in some places were also stained with various intensities by these lectins. 
DISCUSSION
Intermediat Filaments
In the chick neural tube in stage I of neurogenesis, probably all matrix cells are synthesizing vimentin. Although distributed throughout the soma of matrix cells, vimentin is present most densely in the basal processes attached to the pial surface. Tapscott et al. reported the same results (15) . Interestingly, Bignami et al. showed the absence of any detectable amount of vimentin in the rat neural tube before embryonic day 11 (1) .
As the embryo matures, matrix cells begin to produce neuroblasts (stage II). Neuroblasts migrate to their destination using radial fibers as guide-ropes. It was revealed by the studies of Tapscott In the chick optic tectum in stage II, we observed NF-positive processes running parallel to radial fibers. These processes can be regarded as those of migrating neuroblasts. Bignami et al. showed the coexistense of NF and vimentin in some neurons of young rat fetus (1) . These results may indicate that neurons would begin to synthesize NF as soon as they differentiate from matrix cells.
GFAP in the chick optic tectum was detected for the first time on the 14th day of incubation, a few days after the end of stage I I (4) . Schnitzer et al. (14) (2) and Levitt et al. (12) reported the presence of GFAP-immunoreactivity in the radially oriented fibrous cells prior to stage III of neurogenesis of the human and monkey, respectively, and they concluded that filial cells possessing an astrocytic nature ("radial glia") were already present very early even before the end of neuron production. However, we could find, in the human pallium, GFAP-positive cells only in the area which was considered to have long since ceased to produce neurons but not earlier. This result parallels with immunochemical detection of GFAP and indicates that no glial cells exist in early neurogenesis, i.e., during stages I and II, in the human embryo.
Glycosyl Residues
ConA intensely stained the cell soma, probably the Golgi and related membranous organelles. One of the reasons why radial fibers were not seen outstandingly may be that they contain none or few of these organelles.
WGA is a lectin which binds specifically to terminal sialyl and N-acetylglucosaminyl (G1cNAc) residues. This lectin stained the plasma membranes intensely. Many of these WGA-receptors on the cell surfaces are supposed to be terminal sialyl residues, because many complete glycoproteins have sialyl residues at the terminal positions of their glycosyl moieties. But at least some of these WGA-receptors are terminal G1cNAc residues, because GS2, which binds specifically to G1cNAc residues, also stained various cells and fibers positively. This inference is supported by the result that neuraminidase could remove part of, but not all of, the WGA-receptors on the cell membranes.
It is very interesting that the affinities of PNA, RCA1 and MPA to radial fibers are different depending on place. The fluorescence of radial fibers stained by these three lectins, all binding specifically to terminal galactosyl residues, was significantly weaker in the pallium than in the ganglionic eminence or the thalamus. This result indicates that terminal galactosyl residues exposed on radial fibers in the corticogenetic regions are much fewer than in the non-corticogenetic places. By the scanning electron microscopic studies (5, 8) , it was demonstrated that radial fibers in the corticogenetic regions are bundles composed of some basal processes of matrix cells adhering together whereas most of them in the non-corticogenetic places are single processes. The fact that radial fibers are bundles but not single processes is supposed to be important to build the cortical structure (5, 8) . The relative paucity of terminal galactosyl residues on radial fibers in the corticogenetic place would reflect the mechanism by which the basal processes of matrix cells adhere to one another. This mechanism may work through the galactosyltransferase system that is proposed by Roseman (13) as a system for cell adhesion.
